Background and Aims: Analyses of Crohn's Disease [CD] studies of anti-TNF agents, including adalimumab, have reported higher remission rates among patients with shorter disease duration. To further explore the relationship between disease duration and clinical efficacy, we analysed a larger patient cohort. Methods: Data were pooled from 10 clinical trials in patients with moderately to severely active CD who received treatment with either adalimumab or placebo. Analyses of efficacy using Crohn's Disease Activity Index [CDAI] in the <1 year subgroup compared with longer disease-duration subgroups [≥1-<2 years: 31.0%; 2-≤5 years: 23.1%; >5 years: 23.6%, Cochran-Armitage p = 0.026]. In the majority of maintenance treatment analyses, patients with <1 year disease duration had the highest efficacy responses, with statistically significant differences in remission rates across disease-duration subgroups. Conclusions: This analysis demonstrates that earlier initiation of adalimumab treatment shortly after diagnosis in patients with moderately to severely active CD leads to improved long-term clinical outcomes.
Introduction
Crohn's disease [CD] is a chronic inflammatory disorder principally of the gastrointestinal tract, associated with mural and transmural inflammation. 1, 2 The management plan for a patient with CD should include the activity, site, and behaviour of disease, together with the views of the patient. 3, 4 Anti-TNF biologics have been shown to be effective in inducing and maintaining remission in patients with CD. 5, 6 Controlling intestinal inflammation early in the course of CD is thought to prevent structural tissue damage and disease-related complications; 3, 7 hence treatment with anti-TNF agents, such as adalimumab, early following diagnosis may lead to improved clinical outcomes. Indeed, in post hoc analysis of anti-TNF trials, including the CHARM trial using adalimumab, higher remission rates were observed in adalimumab-treated patients with CD with disease duration <2 years compared with longer disease duration. 8, 9 The objective of the current analysis was to confirm and extend on the findings in CHARM through analysis of a more extensive set of 10 adalimumab clinical trials. Specifically, we aimed to compare adalimumab with placebo clinical efficacy responses during induction treatments, and to measure adalimumab efficacy responses during maintenance treatment, determining their association with CD duration at baseline.
Materials and Methods

Study design
Data were pooled from 10 Phase III and IIIb adalimumab clinical trials in patients with CD. Details for each trial have been published previously: CLASSIC I 10 and II, 11 CHARM, 12 GAIN, 13 ADHERE, 14 Japan CD induction and maintenance, 15 EXTEND, 6 CARE, 16 and ACCESS. 17 Across the 10 trials included in our analysis, patients eligible for inclusion were aged 18 to 75 years (except ACCESS [≥18 years] and Japan CD [>15 to <75 years]). Patients were required to have had a confirmed diagnosis of CD for ≥4 months and a Crohn's Disease Activity Index [CDAI] of 220-450 [CLASSIC I/II, CHARM, GAIN, Japan CD, and EXTEND], >220 [ACCESS] , or a Harvey-Bradshaw Index [HBI] of ≥7 [CARE and ACCESS] . Dosing in the studies included induction therapy with placebo or adalimumab [160 mg at Week 0 and 80 mg at Week 2, or 80 mg at Week 0 and 40 mg at Week 2], followed by maintenance therapy with placebo or adalimumab [40 mg every other week, or 40 mg weekly, according to study design]. CLASSIC I had an additional induction arm of adalimumab 40 mg at Week 0 and 20 mg at Week 2, but data for those patients were excluded from this analysis as this is not an approved induction dose.
This analysis was divided by induction and maintenance studies. For the induction analysis, patients randomised to double-blind placebo or adalimumab from CLASSIC I, GAIN, and Japan CD induction studies were included and compared by treatment arm and disease duration. The 1-year maintenance treatment analysis included patients from CLASSIC II, CHARM, ADHERE [for patients who entered from GAIN only], EXTEND, Japan CD, CARE, and ACCESS. For the maintenance analyses, only patients who received maintenance adalimumab were studied. No placebo comparison group was included for the maintenance analysis, and patients were compared across disease-duration groups only. This was for two reasons: some studies had an open-label induction period, whereby all patients received adalimumab before being randomised to double-blind placebo or adalimumab [CHARM and EXTEND], making comparison of the placebo-randomised patients with the adalimumab-randomised patients inappropriate; or the trials were open-label single-arm adalimumab studies without a placebo group [ADHERE, CARE, and ACCESS]. Patients were included in the maintenance analysis if they received adalimumab maintenance treatment in any of the maintenance studies mentioned above, except for patients who first received induction with double-blind placebo in CLASSIC I or Japan CD and were later re-randomised to double-blind adalimumab maintenance therapy in CLASSIC II or Japan CD. Furthermore, the maintenance analysis was not limited to patients who responded to induction therapy.
Supplementary Table 1 [available as Supplementary data at ECCO-JCC online] summarises patient numbers from each trial included in the induction and maintenance treatment analyses.
Endpoints
Efficacy data [CDAI and HBI values] were pooled from studies included in the analyses. For studies using CDAI [CLASSIC I/II, GAIN, Japan CD, CHARM, EXTEND, and ADHERE], clinical remission was defined as CDAI <150. Two definitions of clinical response were applied: CR-70, a decrease in CDAI ≥70 points relative to study baseline; and CR-100, a decrease in CDAI ≥100 points relative to study baseline. For studies using HBI [CARE and ACCESS], clinical remission was defined as HBI <5 and clinical response was defined as a decrease in HBI ≥3 points relative to study baseline. A patientreported outcome [PRO] measure of remission, based on mean daily CDAI subscores of stool frequency [SF] and abdominal pain [AP], was also included in this analysis. PRO remission was defined as mean daily SF ≤3.0 and mean daily AP ≤1.0, neither worse than baseline. PRO remission was evaluated in patients with average daily SF ≥4.0 and/or AP ≥2.0 at baseline in studies that used CDAI. Safety was assessed by evaluation of reported adverse events.
Analyses and statistical methods
Induction assessments of remission and response were measured at Week 4 by placebo and adalimumab treatments. For the maintenance analysis, the CDAI efficacy endpoints were measured at Weeks 8, 12, 26, and 52/56 of treatment, and HBI remission and response were measured at Weeks 4, 8, 12 , and 20/24 of treatment. All efficacy measures were analysed by disease duration at trial baseline [four subgroups: <1 year; ≥1-<2 years; ≥2-≤5 years; and >5 years].
Modified non-responder imputation [mNRI] was used for missing data, whereby patients who received open-label adalimumab every other week or every week were not imputed and patients were counted according to their observed response.
For baseline characteristics, differences between disease-duration groups were determined using a logistical regression method for categorical data and analysis of variance [ANOVA] for continuous data. For adalimumab versus placebo comparison in the induction studies, a logistic regression with treatment effect, disease duration, and treatment by disease duration was applied to assess the treatment effect. Cochran-Armitage trend tests were applied to determine statistically significant trends in efficacy across the disease-duration groups. All treatment comparisons used two-sided tests for statistical significance.
Results
Baseline demographics and clinical characteristics by disease duration
Adults with moderately to severely active CD who received induction (adalimumab [n = 377] Figure 1A ]. Similarly, a significant difference between adalimumab and placebo was observed for CR-70 and CR-100 at Week 4 after induction treatment [p <0.001] and response rates were highest in the <1 year subgroup receiving adalimumab [ Figure 1B and C], although there was no statistical significance by disease duration; the highest PRO remission rates were also seen in adalimumab-treated patients with <1 year disease duration, although no statistical significance was observed [ Figure 1D ].
In Figure 2A and D]. Also, patients with <1 year disease duration achieved the highest proportions of CR-70 at Weeks 12, 26, and 52/56 and for CR-100 at all time points compared with the longer disease-duration groups, although these trends were not statistically significant other than for CR-100 at Week 26 [ Figure 2B and C].
HBI studies
At Weeks 8, 12, and 20/24 of adalimumab treatment, HBI remission was highest in patients with disease duration <1 year (50.8, 58.5, and 64.6% of patients, respectively [ Figure 3A ]). A statistically significant difference between disease-duration groups was seen from Week 4 of adalimumab treatment through Week 20/24 [ Figure 3A ]. HBI response was numerically highest in patients with disease duration <1 year at all time points, although a statistically significant difference between disease-duration groups was only observed at Week 4 [ Figure 3B ]. 
Safety
Detailed safety data have previously been reported for each of the trials included in our analysis 6, [10] [11] [12] [13] [14] [15] [16] [17] and in review form. 18 The adverse-event analysis captured for induction periods and maintenance periods across all trials is shown in Table 2A and Table 2B , respectively. For both induction and maintenance treatment sets, rates of any adverse event and any infection were similar for patients across disease-duration subgroups, whereas the rates of serious adverse events and serious infections were numerically higher in the longer disease-duration subgroups compared with <1 year subgroup.
Discussion
Previous trials have shown that adalimumab is more effective than placebo in inducing and maintaining remission in patients with moderately to severely active CD. [10] [11] [12] 19 Consistent with this, in our pooled analyses of induction treatments the proportion of patients in CDAI remission was statistically higher in adalimumab-versus placebo-treated patients. The main aim of this analysis was to determine the relationship between efficacy [remission] and disease duration. Following induction treatment, the highest remission rates were observed in the adalimumab-treated patient group with the shortest disease duration [<1 year], and a statistically significant difference was observed between diseaseduration groups. During the maintenance adalimumab treatment periods, the benefit observed during early treatment was maintained with continued adalimumab therapy, with statistically significant differences between disease-duration subgroups observed at most time points. Similar numerical trends were observed for CDAI response. Early use of anti-TNF therapy in the course of CD has previously been advocated, based on increased chances of achieving clinical remission and mucosal healing, and of preserving bowel integrity. 3, 20 Overall, our data support the notion that earlier treatment with adalimumab soon after diagnosis is associated with improved efficacy outcomes compared with initiating adalimumab several years following diagnosis. Furthermore, the safety profile for adalimumab appears to be relatively more favourable in patients with the shortest disease duration, with the trend for a numerically higher incidence of serious adverse events and serious infections with longer disease duration. This likely reflects the inability to control inflammation and disease severity in a timely manner. This post hoc analysis of adalimumab clinical trials stratified patients by disease duration at study entry. It is important to note that patients with shorter disease duration did not necessarily have early disease [less progressive disease], as all patients enrolled in these trials had moderate to severe CD and failed conventional therapy to meet the inclusion criteria. However, an association between disease duration and disease progression in CD has been reported. For example, a study by Pariente et al. 21 showed that disease progression [scored using the Lémann Index] increased from a mean score of 6.3 for disease duration <2 years to a mean score of 19.0 for a duration ≥10 years.
In line with the growing evidence of CD being a chronically progressive destructive disease, our data not surprisingly showed that patients with longer disease duration at baseline were older and had higher rates of previous anti-TNF use. Because rates of remission with adalimumab have been shown to be lower in patients with previous anti-TNF use, and because older patients are, by virtue of their age, more likely to experience adverse events such as infections, it is possible that our efficacy and safety findings are influenced by the higher proportion of treatment-refractory patients and older age in the longer duration subgroups.
Our pooled analyses add to the findings in a previously published post hoc analysis 9 reporting increased clinical remission rates and reduced incidence of serious adverse events in adalimumab-treated patients with early disease [duration <2 years] compared with longer-established CD. That analysis was limited to one trial and 777 patients, which contrasts with the more extensive analyses we report here capturing data from across 10 clinical trials and featuring 640 patients receiving induction [adalimumab, n = 377; placebo, n = 263] and 2325 patients receiving adalimumab maintenance.
Recent acknowledgement that CD is a progressive destructive disease has extended the focus of therapeutic strategies from control of symptoms and improved quality of life to new goals, such as mucosal healing and bowel preservation. 3, 20 Post hoc analysis of the EXTEND study [one of the 10 trials evaluated in our pooled analysis], evaluating the effect of adalimumab on endoscopic healing in 129 patients with moderately to severely active CD, revealed that deep remission [defined as absence of mucosal ulceration and CDAI <150] was seen most frequently for patients receiving adalimumab with disease duration <2 years at Weeks 12 and 52 compared with those who had longer disease duration. 22 Importantly for patients, the benefits of deep remission included fewer treatment adjustments, fewer hospitalisations and CD-related surgeries, less activity impairment, and better quality of life and physical function. In addition, recent results from CALM, 3 containing a study arm featuring timely escalation with anti-TNF therapy based on clinical symptoms combined with biomarkers in patients with early CD [mean disease duration 0.9 years], support the notion that patients with recent onset of disease benefit from early biologic treatment.
The impact of disease duration on efficacy has also been studied for other biologics, including other anti-TNFs, although the findings have been inconsistent and the studies included smaller numbers of patients than the present analysis. 8, 19, [23] [24] [25] [26] [27] [28] [29] An association of infliximab therapeutic efficacy with disease duration was supported by post hoc analysis of SONIC, which concluded that deep remission is achievable, particularly in combination with azathioprine, in a population of patients with relatively short duration of CD [median = 2.3 years]. 23 Early intervention with infliximab combination therapies has been associated with beneficial effects on corticosteroid use, 3, [23] [24] [25] the need for surgical intervention, 23, 25 and on mucosal ulceration. [23] [24] [25] In contrast, post hoc analyses of other infliximab studies have not found a relationship between clinical outcome and disease duration. 27, 29 A mixed set of findings also applies for another anti-TNF, certolizumab pegol. Schreiber et al. 8 reported that patients with CD treated with certolizumab pegol for <1 year had significantly higher response rates versus patients with disease duration of ≥5 years. However, the data for clinical remission which followed this trend did not reach statistical significance, probably due to the limited sample size. Two other certolizumab pegol studies which, however, either failed the primary endpoint or had other limitations in the overall strength of the clinical signal, did not demonstrate an association between short-term clinical remission and disease duration 19, 26 although disease duration was reported as a predictor of long-term maintenance of remission from one of these studies. 26 In summary, the findings we report here demonstrate an association between initiating adalimumab therapy early after a CD diagnosis and improved clinical benefit. The concept of target-based decisive earlier treatment features is included in the latest European Crohn's and Colitis Organisation [ECCO] guideline consensus paper for treatment of patients with CD 4 and in recommendations from the Selecting Therapeutic Targets in Inflammatory Bowel Disease [STRIDE] programme. 30 The ECCO guidelines highlight that induction of clinical remission is a desirable target for every patient, to be coupled with a need to consider how remission will be maintained over the longer term. 4 The STRIDE recommendations include treatto-target clinical management strategies in CD, indicating that in future the term 'remission' should consider resolution of both symptoms and mucosal inflammation. 30 There are some limitations of our study design and analytical methods that should be noted. First, we could not measure deep remission in this pooled analysis because only the EXTEND trial had endoscopic data. 22 Second, the analysis was not limited to patients who responded to induction treatment. This may have resulted in an overall reduced estimate of efficacy, as patients in clinical practice who do not respond to any therapy within the first several months do not typically continue to receive that therapy. Third, baseline characteristics, such as age and previous anti-TNF use, differed across disease-duration subgroups. Although these differences are expected, given the progressive nature of CD, they may have also influenced treatment responsiveness in favour of patients with shorter disease duration, as discussed above. Fourth, because the designs of the studies included in this analysis differed [some studies had an open-label adalimumab induction period, were open-label in nature, or lacked a placebo comparator arm], the disease-duration comparisons for the maintenance periods could not be analysed by randomised treatment group; hence observations of statistical significance between the adalimumab disease-duration groups should be interpreted with caution.
In addition, our analysis covers a relatively short treatment time frame, up to 1 year across the studies, and therefore does not provide data on long-term impact of treatment on bowel damage and disability. In contrast, the preceding study of CHARM by Schreiber et al. 9 included longer-term remission rates [3 years] . A further limitation of this analysis is that time to diagnosis was not collected in the trials, so any difference between the time of diagnosis and trial baseline may have underestimated the actual duration of disease in each subgroup. Also, the majority of patients in this analysis had disease duration >5 years, and therefore the shorter-duration subgroups are relatively small. Finally, our study is a post hoc analysis with data pooled across multiple clinical studies, and the impact of early therapy remains to be demonstrated in prospective studies.
In conclusion, our analysis in patients with moderately to severely active CD shows an association between improved efficacy and the introduction of adalimumab therapy shortly following diagnosis.
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